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Abstract of Thesis

APPLICATION OF HIGH DYNAMIC RANGE PHOTOGRAPHY TO BLOOD STAIN
ENHANCEMENT PHOTOGRAPHY

In order to assist in bloodstain pattern analysis, it is common practice to apply

cheml umi nescent reagents to the blammthdnst ai n t
photograptthe resuls. One limitation encountered using the traditional method of
cheniluminscent photography is that normal cameras do not have the dynamic image
capability to capture both trelnemiluminescencand the surrounding area in detail. This
study propsed an alternative method of photographing enhanced bloodstains, using high
dynamic range (HDR) techniques to capture the textures and details visible in ambient
light as well as enhance the bloodstasibility. This research used a sequence of low
dynamic range (LDR) images to create a composite HDR image. sequence consisted

of several photographs in ambient light and one photograph in darkness using
BLUESTAR®FORENSIC. It was shown that the composite HDR merge was able to
displayfine detail fromthe ambient light photographs as well as visually enhance the
bloodstain. However, the composite merge suffered from color distortion and pixilation

in the final image.
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Chapter 1: Intr oduction

1.1 Definition of Color

The human eye has the ability to see a specific range of wavelengths, called the
visible spectrum. The visible spectrum ranges from 390nm, seen as violet, to 750nm,
seen as red. The human eye is most sensitive to wavelémgfiless50nm range, which
is seen as a green colétaiser & Boynton, 1996) White light is seen when all the
wavelengths combine together in equal amounts. When white light hits an object, certain
wavelengths of light are reflected from the surface back towards the eye. Other
wavelengths are absorbed into the surface, chatiggapmposition of light reachinthe
eye. The color of an object is defined by the light that it reflects and absorbs.

There are threterms used to describe calofhese are hue, saturation and
brightness. Althree aresubjective descriptions based thev i e wabseivations. Hue
describes the actual color, or color combination, that the object app&aeseye There
are fourunique hues: red, yellow, blugreen. All other hues are produced through
combinations ofhe fourunique huesColor combinationsuch as blugreen and purple
(red and blueare considered hues. The saturation of a hue is determined by the amount
of white present in the mixture. For example, a dark-gheen with little to no white
will have ahigh saturatiorvalue while the same ratio of blue to green mixed with more
white will produce the same hue but a lower saturgti@iser & Boynton, 1996)

Brightness is a color term that defines the light emission of an object. Usually bsghtne
is determined bgomparison of the object to another one in view; this is termed relative

brightness. Brightness per(RempatdjVard, can r
1

an



Pattanaik, & Debevec, 2006 he brightness of avbject is usually directly related to
the intensity of the light reflecting from its surfde&ck to the eyéaiser & Boynton,

1996)

1.2 Human color vision

The humareye has a very wide range is #bility to perceive color. Thability
stems from the mechanisms inside the eye itself. When light enters the human eye, it
passeshrough the pupil and the vitreous fluid to the very baicthe eyeball, the light
hits the retina.On the retina arthousands ophotoreceptors, which are sensors in the
eye that capture light and initiate the light transmission signal to the brain. There are two
types of photoreceptorspnes androds (Reinhard, Ward, Pattanaik, & Debevec, 2006)

The cone is the taperimghotoreceptor that plays a vital role in huncator
vision. Cones are activated in bright light conditions, such as sunlight and moonlight.

When only the cone photoreceptors are

stimulated, it is referred to as photopic )l S M f,»/ _A\‘x.x'—
vision. There are three types obnes each l / , 5

o6} / \
adapted to a specific wavelengthhese g | \ H‘-.II
wavelengths are short, medium, and long 0-2_ \ _f"ll *
wavelengthsand are usually referred to &s — /\ \\_L

4]

460 4;0 550 550 660 &S0 FOO
cone, Mcone, and kcone respectivelyThe

Figure 1: Table of S-, M-, and L-Cone Sensitivity1
S-cone is most sensitive to blue hues, the M
cone togreen hues and thedone toredhues. There are no structuréferences

between the thretypesof cones, although the #done and Etcone are more closely


http://upload.wikimedia.org/wikipedia/en/1/1e/Cones_SMJ2_E.svg

related in their wavelength absorption and their response (iaeser & Boynton,
1996) The eye processes information from all troeee types to interpret color, kiag
it a trichromatic systemln a trichromatic system, three primary colors are used to create
every other color through different combination and saturations of the three primaries
(ReinhardKhan, Akyuz, & Johnson, 2008Figure 1 provides a visual of the different
sensitivity ranges of the-SM-, and L-Cones.

The second photoreceptor, the radacylindrical, sensitive photoreceptor that is
activated during dark conditions.The roddoes not have the ability to discern color,
only intensity of light(Blitzer & Jacobia, 2002) When exposed to only dim light, the
cones are not activated and only rods are actively conveying light informadinsis
known as scotopic visionThe rods achromatic intensity determination results in an
inability in humans to distinguish color during dim situatiohs Kaiser and Boynton
point out,hnumansare still able to distinguish items at nigtithout interpretinghue and
saturation because we can identify differences in brightness values between objects. The
relative brightness of objects, however, will be reduced when viewing objects through
scotopic vision because the peak sensitivity for rods is around S5@&iser & Boynton,
1996)

The rod and cone system is what allows for the human eye to adsfiertent
light environmentsvhile maintaining vision.Humans have the ability to visualize items
ove a range ofourteenorders ofmagntude, or 10°14. This range known as the

dynamic range. The dynamic range is a ratio describing the highest differexcdrast

! Permission is granted to copy, distribute and/or modify this docunmeter the terms of the GNU Free
Documentation License, Version 1.3 or any later version published by the Free Software Foundation
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that can be seemA dynamic range of 10"14 means that the eye has the ability to view an
object with an intensityfoX and the ability to view an object with an intensatye
hundred trillion(i.e., 100,000,000,000,00@mes greater than ¥8loch, 2007) This
range is extremely wide but required when one considers the range of ligbhemesits
that occur during aormal24-hour period. Moving from outside during a bright sunny
day to a hazy night sky will result in aroutsh ordersof magnitudedifference
Obviously, these different environments will result in different photoreceptor
stimulations; sight during a hazy night is completely controlled by the rod
photoreceptors, while sight outside under a bright sun is completely controlled by the S
M-, and L-cone photoreceptors. There are also conditions that fall between the two
extrenes that are regulated by both the rodsthedcones. When both cones and rods
are active, it is termed asasopicvision (Stockman & Sharpe, 2006)

Although the range of human vision extemoigrteenorders ofmagnitude the
human eye is only capable of distinguishing a range aiftdb@ orders of magnitude at
one time Therefore it has a dynamic range of about 500,00@:dses adaptation
methods to move the currently visualiZae orders ofmagnitudearoundthee y e 6 s f ul |
dynamicrange If the eyes have been adapted to scotopic vision and are moved into a
bright light environment, the adaptation aled light adaptation. Lightdaptation is a
relatively quickprocessreaching full vision capacity in aroundé minutes. If the eyes
have been adapted to photopic vision and are moved into a dim light environment, the
adaptatiortakes longer. Dark adaptation, as this is referred to, can take up to thirty
minutes to complete. Since the adaptation is slowehtiman eye will start to

distinguish items one at a time as opposed to suddenly adapting to the entire



environment When exposed to a scene that has more than five orders of magnitude
present, the eye can localize its adaptation to a specific regiba s€&ne by focusing on

it. This allows the eye to view contrast in wide dynamic range situations.

1.3 Digital Image Capture

The goal of photography is to capture the scene as it appears to the human eye.
The problem photographers face is that the avetaggl camera only has a dynamic
range of aboutwo orders of magnitudél00:1) Becaus of the small dynamic range
images capturedsing a standard digital camexige considered lowynamicrange
(LDR) images. Since the human eye is capable of visuagizaroundive ordes of
magnitude at one time, a photograph taken
will always lack contast visible to th@akedeye Because of this, the photograph will

not display as much detail in the photograph.

B2
]
—

]
]
%
=

Figure 2: Low Dynamic Range Photography Limitations
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For example, Figure 2 portrays a normal scene with an extended dynamic range.
The sky and the front of the building are multiple orders of magnitude apart from one
another and cannot be correctly exposed in the same image. In order to expose the sky
correctly, the front of the building is dark and lacks detail in the shadow areas. If the
camera is set to expose the building correctly, the sky is made so light that none of the
cloud detail can be reproducebh order to accurately reproduce the dynaraitge
visible to the human eye, photographers and other industries have turned towards high
dynamic rangéHDR) photography HDR photography hasn increased dynamic range
in the photograph, allowing the image to expose details in dark and light sexdttbas
photograph. This also helps photographers capnages that more closely resemble
the scene as thmiman eye seets

To understand the speas$ ofhigh dynamic rangeimaging i t 6 s (ifiisipor t ant
understand the underlying principles of imaggture. Before discussing the principles,
the author would like to address an inconsistency in nomerelgtar can make
understanding digitl sensors confusing to the laypersémcolor display monitors and
digital image output signals, the pixelregarded as the smallest unit of an image.
Within this pixel are a number of spixelsthat are each assigned a primary.hliés the
mixture of the subpixsebinformation that allows each pixel to be colorized to match a
specific portion of the imageéWhendiscussing digital sensors, however, each of the
subpixes is referred to as an individual pielon, January 2006) Because this
distinctioncan be confusing whatiscussing both input and output pixel informatitre

author uses the output nomenclature for the remainder of the paragraph.



As statedpreviously the pixel is the smallest unit of an image. On a digital
camera sensopjxelsare arranged in a regular patteihen light enters the camera
lens,it travels onto the pixels, which record the intensity of light at that particular spot.
Digital pixels are equivalent to the individualver halidegrainsusedin film
photography. In order to enhance the detail present on the image, flmagemade
smaller and mee numerous. Digital pixels follow the same theory; in order to capture
more details from an image tpecels are made smaller and more numerous on the
sensor. This allows mospecific detaito be captured from the image, resulting in a

higher resolutior{Blitzer & Jacobia, 2002)

1.3.A Color Image Creation

On thedigital sensor itself, each of the subpixels are colorl@$ss means that
each subpixeak unfiltered and wilfreact to any wavelength of ligfsa, Carvalho, &
Velho, 2007) If the image is black and white, then an unfiltered subsxesed because
the only itemthe sensor is concerned with recordisighe light intensity, which
determines what shade of grey isarled for that pixel However, to create a color
image, each sensor needs to be filtered so that it is orditigerio one wavelength. This
is done by adding a color array filter on top of the digital sen&arolor arrayfilter is a
series of colad filters put over the subpixels in a specific patté&tach color filter is
specific to a single primamgolor. Color filter arrays work similarly to cones within the
eye; both use three types of sensors to record three different wavelengths. @hus col
array filters work using the trichromatic theory, creating every color in the image by

using a mixture of three distinct primary colofdost color cameras use the RGB



system, which uses red, green, and blue as the primary c8loe the subpixelsre so
small, they are not seen by the eye as individual components. Instead, the subpixel
information combines in the human eye to create a new color.

One of themostcommoncolor filter arrgs is the Bayer filter. A Bagrfilter uses
four subpixels, shapad atwo by twosquare, to create a single output pix&h
example of the Bayer filter is seen in Figufe B Bayer filter uses the RGB color
system, with ach block ontairing one red filter, one
blue filter, and two green filtersThe green is given two
subpixel locations to mimic the human eye, which has a

greater sensitivity to the medium wavelengths

(Reinhard, Khan, Akyuz, & Johnson, Z)O Using a

Figure 3: Example of a BayerColor
Array Filter 2

Bayer filterallowsthe subpixel to recordnly the
intensity of the lightvhile still maintaining the correct colofhe intensityof the pixel is

equivalent to the shade of the primary color filter above the sensor.

1.3.B Digital Sensors

When light entera digitd SLR camera, itravels through a series of mirsoto
the digital sensorAs long as the lens is open, light is entering the camera and hitting the
sensor. The sensor collects this incoming light, which allows it to detetin@ne

brightness, or intensity, of the ligh©ncethe lens closes, the digital camera sensor must

% This work isfree softwareyou can redistribute it and/or modify it under the terms ofGINU General
Public Licenseas piblished by thé-ree Software Foundatigmither version 2 of the License, or any later
version. This work is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY;
without even the implied warranty of MERCHANTABILITY or FITNESS FOR AFRARAR PURPOSE.

8


http://upload.wikimedia.org/wikipedia/commons/3/37/Bayer_pattern_on_sensor.svg

encoded this brightness information into a format that can be saved on a digiayme

card. It does this by generating a numerical code that describ@stémsity and color of

the incoming ligh{(Blitzer & Jacobia, 2002)Before it can attach theumericalcode to

the pixel, however, it must first Areado t
two main sensor typegwesent in digital cameras. Each of these sensors works in a

different way to transfer the light intensity into a voltage reading that can be read by the
camera. The most common type of sensor is the cltang@ed device (CCPsensor.

In a CCD sensothe digital sensor is made up of tiny pixel sensors that capture light.

While the light hits the sensor, it builds up a charge irpthex sehsdrdviore light on a
single pixel will create a | arger laadiar ge,
light back to the sensor (i.dowlights) will build up a small charge. Once complete, the
charges are sent to the edges of the digital sensor where they go through adigitalog
converter (ADC). The ADC transfers the charges into a diggabtthat can be

encoded into the Unboriueately,dhe sensersaveya maxanund .
charge capacity. Once the maximum charge is hit, the sensor cannot increase its signal
and will not record the additional light values. This resultsaamping brightness, after

which point the camera is unable to distinguish one bright light from another. There is

also a lower limit, wich is determined by the minimum charge that the sensor will

convert to a digital encoding. Any pixel charge lowentttas minimum thresholdiill

be encoded as pure black. Because of the upper and lower threshold in a CCD sensor, the
average CCD sensor in a consuroamera has a dynamic range of about 10 exposure

stops, or about 3 orders of magnit8éch, 2007)



Another common type of digital sensor is the complementary metal oxide
semiconductor (CMOS) sensors. CMOS sensors are also made up of tiny pixel sensors,
but each sensor contains its own ADC. Within each sensisioia tmansistor that
amplifiesthe charge on the pixbkforeit is sent to on for the encoding process. Because
the charge is amplified, tHght response is encoded in a logarithmic scale insteadaof
linearscalelike the CCD sensors. This allows fogreater dynamic range to be
captured However, the logarithmic scagxtends the contrast ability of the midrange
toneswhile compresig the contrast in highlight and lowlight sectidi@och, 2007)

This means that objecwvill have less relative brightness to one another in highlight and
lowlight areas of the imageCMOS also have a higher minimum light threshold than
CCD sensors. This is because the ADC present on each sensor covers some of the
s ens or 0 sctirgsomea qf thediredming lightThis difficulty is overcome by
adding additional micréens on top of the sensors to redirect the deflected light into the

sensol(Sa, Carvalho, & Velho, 2007)

1.3.C EncodingBits

Once the light sigal has been converted into a digital signal, it must be encoded
into a formaicompatiblewith a computer.The cameraisesbit informationto do this A
bit is the basic unit of computer encodjrajmdcan havea value of either O or 1t is the
order d the bits, and the combinations of the 0/1 numlieed allow the computer to
Areado the i nf or ma t(Witeke, 2001 €he nomber aof bits gsedt h e f i
for each pixel is important in determining the color resoiudf the image Asmore bits

areallotted to each color, more shades of the caterable to be encoded into thgital
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image file(Sa, Carvalho, & Velho, 2007Most photographs argisplaymonitors use a
24-bit system. This means that each pixel is assigaduitsin the image file The24-
bit unitis comprised 08 bitsof encoding from the blue sens@ pitsof encoding from

the red sensor, ar&lbitsof encoding fronthe green sensor.

24-bit Color System

| ; Y R |
8-bit Red Color Channel 8-bit Green Color Channel 8-bit Blue Color Channel

=0 (No color)

|
PaY 40 Sapeys Sz

=255 (Pure Red)

Figure 4: 24-bit Color System

Since8 bitsis equivalent to 1 byte, tH&l-bit image system is also referred to as
a 3-bytecolor system, with byte of information per color channel. Under ali4
system, there are 256 gxible shades of each primary color that can be recorded. The
256 comes from the total possible combinations of O &od & bits, which is equivalent

to 2. Asthe number of bits increases, the number of possible outcomes increases

11



exponentially An 8-bit file has 256 possible outcomes3-bit file has 512 outcomes, a
10-bit file has 1024 outcomes, and so oifio help illustrate th&4-bit encoding Figure 4

provides a visual.

Along the top of Figure 4 is a representation of @R4ile. 8 boxes (bits) are
allotted to the red color, each of which can contain a 0 or a 1. The same is true for the
green color channel and the blue color channel. On the right side of the snaage i
representation of how the computer reads the bit information from each color channel.
There are 256 total possible combinations of 0 and 1 inknf8rmat. When all eight
bits are 0, it is read as having no color and given the numerical valué/ghén all eight
bits are 1, it is read as pure red and given the numerical value of 255. There are 254
shades of red in between 0 and 255, each of which has a uriijuso8e. The chart on
theright-hand side of Figure 4 shows how the computer tdleegaumerical code from

each color channel and converts it into a unique color.

The advantage of using24-bit systemto encodeghotographs is that most
display systems (monitors, projectors, TVs, etc) udé-lait system. This means that all
the colorscaptured and encoded in the digital image are capable of being displayed on
the average monitoCo | or val ues from the scbine that ¢
monitor are discardedA photograph that encodes only displayable colors is called an
outputreferred image. This means that the primary focus of color encoding is on the
out put possibility; i f the pixel color can
color isnd6t encodtelde i mdloort hies fiirl cecwmthd chés ttem

256 color scale and recorded as such. The advantage of using an output referred image
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standard is that the eliminated colors
keep the file sizes dow(reinhard,

Ward, Pattanaik, & Debevec, 2006)

500

Unfortunately, restricting 0.5
y

ourselves to a 256 shade representation 4 e

in the imagedoes not allow us to capture 03

the dynamic range of the entire scene

becae the dynamic range of the real

0.8
world extenddar beyond the 256 values

Figure 5: RGB Color Gamut®

we can currently display. Shomvin Figure5

is an example of the real world color gafnuthis 2D depictiomortrays the range of

colors visible to the human eye. The points of the triangle represent the primary red, blue
andgreen colors used to create color in our outpslays. All the colors represented

within thetriangleare displayable using28-bit RGB encoding system.All the grey

portions of the image depict colors that cannot be displayed usingd 8fstem As

Figure5 shows, there are a large number of colors that cannot be encoded using the

traditional 24bit system

Although the color gamut is heavily restricted with our current methods of display,
themain disadvantage of tf#l-bit system is the diseding of colorinformationduring

the encoding proces®y not encoding color information outside of the 256 normal

% This file has been (or is hereby) released intopthielic domairby its author. This applies worldwide.
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shadesthe file is always limited to a 256 color scale. When technology advances and
monitorsarecapable oflisplayng moreshadestheencoded filewill still only have 256

shades encodexhd can only display those shades.

1.4 High Dynamic Range Imaging

Insteadanemerging trend is to use an HXRage By extending the dynamic
range of theencoded informationHHDR photography also allower more detail to be
captured and displayed in a high contrast situatiextending the dynamic range also
increases the imageds ability to akBRur at el
images use two systems to enhance the amount ofictdomation that is encoded in the
digital file. The first is to increase the number of bitsaetexl for each pixel, thereby
increasing the number shadesble to beecorded Another way to increase the
dynamic range of a photografghto change the system of encoding from a gamma
system to a linear encoding systemost HDR file systems use both methods to increase

the dynamic rangef the encoded file

1.4.A Increasing the Bit Size

In order to increase the dynamic range capabiliigjomage, one method is to
increase the number of bits allottiedeachpixel. Since thenumber of shadesacreases
exponentially with increases in bit allotment, even small additions of bits to primary
colors can drastically increase the dynamic rangéefitnage.For example8 bitsper
color channels represented a$,2and allows fo256shades By increasing the number

of bits percolor channeto 10-bits, a total of 2, or 1,024 possiblshadescanbe
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encoded.Increasing the bits peolor chanelto 12 bitscreates a possible 4,096 shades
Most HDR encoding systems use- 3@ bits per pixel allows for a possi#le2to 68.7
billion shadedo be encoded. Adding an exponent can increase that furkpenents in

the bit size are discussed funttre detail insection1.4.C.

1.4.B Changing the encoding system

The bit size is1otthe only factor in extending the dynamic range of an image. JPEG,
a common image storage format, uses a gamma encoding sy&Etengamma encoding
system means th#te exposure values in the film are increased exponentidihe
advantage of gamma encoding is that it accentuates the contrast in the middleafegions
the film. This helps us separate objects by enhancing their relative brightness. Gamma
exposure ishe standard for JPEG images and resembles how we see objects with our
eyes. lItis also very compatible wizl-bit image display systems and produces an image
that is pleasing to the eye. However, the problem with gamma lies in the extreme
sections othe gamma curve: the very lights and the very brights. Be¢hastope of
the gamma curve in these areas is low, the contrast in these sections.i$lsisedluses
the image to losdetailin those areathat would be visiblé the contrast ratio was
increased.The limitations of gamma encoding become most appaiean we try to
enhance the size of a lowlight section, as the image becomes blurry and not well defined
(Bloch, 2007) Linear file formats use an equal stepween all exposure values, even
those in the highlight/lowlight region. This allows all items to maintaiacual relative
brightness, thus increasing the amount of detail that can be visualized in the

highlight/lowlight regions.
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1.4.C HDR file formats

HDR photography is a major industry movement, especially in the video gaming
and movie industry, as these industries often require a&igf@appearance of the product
as possible. Because of the high interest in HDR, several file formats for HDR imaging
hawe been created in the pasb decads. The most common file formats used for HDR
imagesareOpenEXR Radianceand TIFF. There are numerous other formats, but many
of those are more specific to one manufacturer or computer prograanedesis

frequenty used.

Most digital SLR cameras allow users to save their files in JPEG or RAW format.
A common misconception is that by shooting images in RAW format2R
photograph can be obtained. In truth, RAW format provides a medium dynamic range
photo. RAWformatisjustthata r aw i mage wi th mini mal pr oc
software. Most RAW formats are programmed in linear encoding systethss asthe
way mostcameras capture light intensities. Because of the linearity and the lack of
alteration RAW formats generally use aroutf-bits percolor channelfor a total of 30
bits per pixel. This is not enough extra information to qualify as a high dynamic range
image, butdoes give a RAW image a wider dynamange thar8-bit low dynamic range
images. There are two main problems with RAW format aside itiodynamic range.
RAW formats are extremely large and therefore take a long time to save and process in
the camera. The second, and biggest, problem with RAW forméatst iBRAW formats
are manufacturer, sometimegencamera, specific. In order to read a RAW,fde
computer program mustave compatibilitywith that specific RAW formafThis can be a
seriaus drawback of using RAW formhecause it limits the software gmams that are
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able to open and modify the RAW imag@&och, 2007) RAW format does have a
function in obtaining composite HDR images; this willdgcussednore in depth in

sectionl1.6.B.

One of the oldest HDR formatstise Radiance formath(dr). This format was
created by Greg Warekho isconsidered one of the founding fathBiiSR imaging.
Radiancdormat actually maintains tH&bit per primary color standard seer2dkbit
imaging. However, the total pixel sizeimereased fron24 bitsto 32bits. The fourth
byteis used for the exponent information. The exponent is an integer number that is used
to multiple thehuevalues of the3-bit information to achieve a total range much higher
than the normal 256hades Keeping all the RGB information the same, but changing
theexponenslightly resultsn a difference oseveralbrders of magnitudeThis helps
enhance the dynamic range while keeping the file size low. Because of the exaonent,
Radiance format file has huge dynamic range, with the ability to cover a range of 253
exposure value®or seventy sborders of magnitudéReinhard, Ward, Pattanaik, &
Debevec, 2006) Since visible lighenvironmentsn the real world only span around
forty four exposure values totéhround 14 orders ahagnitude) Radiance files end up
containinga lot of extra space with no color encoding i(Bitoch, 2007) Radiance
format does havthe advantage over many of the HDR file formats in that it

compatiblewith most software programs used for HDR imaging.

Another file format that is weknown is the tagged image file format, better
known as TIFF. There are a variety of TIFF formalispf which use a different method
of file encoding. The TIFF IEEE floating point format has the highest dynamic range of
any file format available currently. Thermfloating point refers to the decimal point in
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the color values. 184-bit color, the8 bitsper primary color represents 256 color shades.
These are expressed as integers 0 to 256, with 0 being equivalent to pur23slackhe
pure hueand 298 shades of the primary color in betweekfloating point format adds a
decimal point tolie shade value, allowing shades of 2.1, 2.12, 2.123, and so on to be
created. As this introduces more color shadegntgnituderange of the file is

increased. The TIFF IEEE floating point format can store up to 79 orderagriitude

in the file. Urortunately, the TIFF floating point format is difficult to compress, so the
file size is enormous. In floating poiltFF, each pixel is allocated 96 bits of encoding.
Since larger file sizes mean that the image is slower to load and prideassg pant

TIFF is not usually recommended for images that are goohgya lot of modification or

are needed quickly, such as HDR files used in video ga(Biogh, 2007)

All of the above formats use the RGB color system for #edoding. This
inherently limits the total color shades possible because the RGB system cannot create all
shadewisible o the human ey@-igure 5) Greg Ward, thereatorof the Radiance
format, also created the TIFF LogLuv format. The LogLuv foomate s a- Adevi ce
i ndependent L(Blath, 2097)irstead of tha tcaditional RGB system. The
LUV color space is based on the same principlebasdlor gamut shown in Figure $o0
it is capable of recreating all visébcolors. In LUV color space, the L value stands for
luminance, while the U and V refer to the X and Y coordinators of the color gamut.
AlthoughLogLuvds magnitude range admp@Befitotheder s
floating point TIFF and Radiance format, LogLuv focuses on accuracy of color shade
instead ototal shadeange With 38 orders included, it is still enough to span more than

the entiredynamicrangevisible in the natural world.lt is also extremely accurateyer
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thevisibles pectrum LogLuvds accuracy is al most e
format uses either 32 bits of encoding or a more compact versighlofs In 32 bit, the

bits are split up between the three componentddf tolor: 16 bits for luminance§ bits

for the U coordinate, anl bitsfor the V coordinate. Unfortunately, the LogLuv format
shares the same .tif extension of other TI
images share what TIFF properties. fEhare a lot o€ompatibilityissues encountered

when using the LogLuv format, as many programs read the files as a standard TIFF and

ignore the extra data. Although in terms of color accuracy, the LogLuv format excels

above all others, the format has eegaught on with the high dynamic range imaging

industry(Bloch, 2007)

For ten yearsRadiance file format remained the standard for HDR images.
Today, however, aew file formatcalledOpenEXRis becoming the industry staard.
OpenEXR (exn uses a floating poirdecimallike the TIFF IEEEand has a 32and 16
bit version The 16bit half floating point format of the OpenEXR format is most
commonly used. The important part of the OpenEXR formatting is that it encadtes ea
color channel individually. 16 bits are encoded for each color channel, with 1 bit used for
a sign,10-bits used for the color shade and 5 bits used for an exponent. Like the
Radi ance format, the exponent alextendesl t he ¢
much further thad0-bit of encoding wouldhormallyallow, but unlike the Radiance
format the exponent is specific to each color channel. This helps keep each primary color
shade more accurate. Since the EXR fonsiapen sourcand not spedi€ to one
manufacturer, the OpenEXR format has not experieaseduclcompatibilityissues as

other formats. It also isompressiblemeaning that it iguick to load and modify
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Finally, the open format of OpenEXR allows programmers the ability topaiize the
file format for aspecificimage or purpose. All of these features have made OpenEXR

format the gold standard todégloch, 2007)

Onelast HDR file formathatis relatively new and still gaining acceptancéhe
HDR field is theJPEGHDR format The biggest limitation of all the previously
mentioned formatssithatcompatibilitywith software programs, especially on the
internet, is limited. However, almost all devices today, includinga®ed programs
are capable of loading and viewing JPEG images. As examined |station1.6.B,
JPEG is not a suitable method for saving HDR irsdmgrause it discards any
information outside of the standa2d-bit encoding. However, JPEG is commonly used
with private consumers because the small size enables it to be uploaded to the web,
transferred wirelessly to various devices, antbismipatiblewith almost every current
imaging devicgBloch, 2007) Because of JPHaShkesnaatngant age.
push to develop a format that uses JPEGO6s

dynamic range potential 6fDR files.

One way that has been created to do this is to add a secondary file to a normal
JPEG image that contaitfbOR exposure information. Called the sbland encoding
method, the secondary file would be an optional information file that could be opened or
left closed depending on the sophistication of the software program readiiREGe
file. Programs that cannot retite subbandfile will still be able to open a tone mapped
version of the imageTone mapping is discussed further in datadection 1.6.E
Advanced programs that have the ability to read the secondary file would open both the
JPEG image and the HDdRita, allowing the full high dynamic range image to be
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openedyiewed and modified.The subband encoding is only a small portion of the

original JPEG image size, so the filREGHDR is very similar in size.

Greg Ward andMaryann Simmong$2004)created a suband encoding method
that splits the imags foreground antackgroundn order to compress the sblard
information small enough to attach onto the JPEG. Built into a JPEG image are sixteen
markersgeach with a maximum size of &lobytes KB). Ward and Simmoss goal
was to presee the HDR data within the 64B<requirement in order to attach the data as
a marker to the JPEG image. In order to preserve the image, they createchapped
versionof the originalimageAr at i o i mage was created by di
in the orignal HDR imagewitht h e s a me |nithe ®reagpedvnaayeu €his
provided amultiplier for each pixel that could be appligd the tonemapped data in
order to recreate the high dynamic range imafjee problentheyfacedwas that in
order to decrease the file size toK3, the image needed to be compresdédPEG
compressionvas donen the ratio image, JPE&tifactssuch as blur would appear in the
reconstructed HDR image when zoomed ifo correct this, Ward and Simmons add
an additional step onto the encoding decompression. Once the ratio image has been
compressedsing JPEG compression, the authors applied a secondary processing to the
foregound of the imagewhichwas then substituted for the original high dynamic range
foreground By doing this, they were able to keep the ratio image file size below the
required 64KB requirement while limiting the JPEG artifacts present irréeenstructed

HDR image.

The advantage of the HBRPEG encoding systemtlsat these files areapable

of being used now and in the future. HDR displagsegection1.4.D) are also becoming

21



more prevalent. Greg Ward estimates that HDR imaging wikhcep_ DR imaging in

the next decad@Vard, 2008) Already, HDR imaging has begun to creep into the
consumer market. The Pentax7Kdiscussed in sectidn7, is sold for around $1,300,
which is within the range of themateurphotographefHoward, 2009) Until HDR is
commonplace, however, the consumer market will continue to be focused on JPEG
images. Even once technology advancessiogHDR exclusivéy, theability to embed
the HDR information into a JPEG image allows existing software programs to remain
compatible Newertechnology could be programmed to extract the HDR image from the
HDR tag in order to rebuildn HDR image.This sameembedding technigus being
replicated in the viderealm. Mantiulet al.(2006)proposes a method similar to the
JPEGHDR image that would embed HDR content into a MPEG video file, which is a
low dynamic range outpueferred format. This would allow for video féo be written
to a normal DVD and displayed as LDR video on common screatisptayed as HDR
video on arHDR capabé display device. Mantiugt al. was able to compress the

HDR-MPEGformatinto a filethat was only 30% larger than a regular LDR MPHE& f

1.4.D HDR displays

HDR images have a variety of file formatgailable butoneof thebiggest limits
so farfor theHDR imaging field is the lack of HDR capable display systems. Currently
liquid crystal display (LCD) monitors are the most commonly encountered on the
consumer market. An LCD monitor works éxycitinga grid of output pixels on a
screen. Each of the pixels is fdlevith aliquid crystal Similarly to camera sensors,

each ICD pixel @ntains a filter that creatasultiple subpixels of primary colors. An
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LCD screen itself does not have a source of illumination. Instead it relies on a backlight
to provide light, which in turn gets stimulated in the liquid crystal and enttitedgh

the color filters to produce a color image.

The advantage of LCD screens over the older cathagaibes (CRT) monitors
is that the screen itself has no limit on the brightness values it can portray. A CRT
monitor has an inherent brightnessitimat which point it can no longer be excited to a
higher brightnessBecause an LCD screen does not emit light, it does not have this
limitation. Instead, the brightness limits are set by the backlight souagally this
backlight is a global backijht unt that lights the entire scree®ne disadvantage of the
global backlight is that it createsminimum darkness value that can be displayed. This
is because the screen will never go completely dark in one area unless the backlight is
shut off competely, which wold then turn off the lights in thigghter area of the image

as well(Reinhard, Ward, Pattanaik, & Debevec, 2006)

The LCD display system has two major disadvantages when used with high
dynamic range image®ecause of the backlight soureenormal LCD display monitor
hasboth a minimum and maximum brightness value. Most monitors today in the
consumer market have a dynamic range of about 38Byuz & Reinhard, 2008)which
is lower thanthe dynamic rangeapable of being stored im &DR file. Also,mostLCD
systems are onlgompatiblewith 24-bit color, which does not cover the entire visible
light gamut. Because of these limitations, HDR imageast be tone mapped downao
24-bit system before they are displayedam. CD monitor. Tone mapping procedures

are covered more in depth in sectiof.E

23



In order to overcome the curresampatibility problems between HDR files and
display systemgherehas been research into developingHDR display system that is
capable of displaying the extended dynamic raofge HDRfile. Seetzemt al.(2004)
published two techniques for displaying HDR images. Both cadsafta modified LCD
display system. Their first technique used a projector to backlight the LCD panel. This
method achieved HDR capable results, but requisggraficant increase in power
consumption, price, and other factors that made it less valaald consumer display
system. Their second technique used an LED display system as the backhgt for
LCD display. The advantagé this system is that each LED light is individually
controlledand can be turned off without affecting other LED IghThis allows the
backlight in a specific areaf themonitor tobe black with a 0 light valuehile
maintaining light in other area®\notheradvantagef the LED backlighting system is
thatit does not suffer fronrregulariies in the backlight lumisnce In normal LCD
screens, the global backlight will light sopertionsof thescreen better than others
because of variances in the output from the fluorescent backlight Bdetzeret al.
claim that tle LED-LCD monitorthey createadan display a yhamic range of 50,000:1.

The authors alspoted that the quality of the image could be increased if the LED

display device waeebuilt using color specific LED lights instead of using white LED

lights. Color LED lights emit light with a very specifivavelength range, which enables

the display system to create more true primary colors and cover a larger area of the color

gamut.
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1.5 High Dynamic RangeCameras

Recall from above that the human eye is capable of adapting to images with up to
14 magnitudes fference, with up to 5 orders of magnitude at ofiaenblin & Hodgins,
1999) Most cameras can only capture up to 5 stops accurately, which is equivalent to
about 2 orders of magnitud&ecause of this limitation, #éne are two ways to obtain
high dynamic range photographs. The first is to use a camera capable of taking high
dynamic range photograph$his requires apecializedcamersds e xt end t he cam
dynamic range. Reinhaetald s 1§2006)on HDR imaging discusses thresamera

sensorghat are able to capture high dynamic range scenes

The first is the VipeFilmstrean? camerawhich is used for video capture. The
Viper Filmstrean? uses three differel@CD sensors to capture the imagdestead of
filt ering the light with a Bayer sensor, each sensor is specific to one primary wavelength.
The camera softwatben combines the informatidrom each sens@ndencodeshe
information in a 3€bit format,allotting eactprimary colorl0 bits. The Viper
Filmstreanf is capable of capturing about three orders of magnitidee time
Anothersensor capable of capturing high dynamic range imagke GMOS sensor
created by SMalCamera Technologies. The SMaL sensor has a dynamic range
capability of aboutdur orders of magnitudelhe last sensor Reinhaetl al.(2006)
described is the Pixim CMOS sensehichusesl0 bits of encoding per primary color,
allowing the sensor to capture about four orders of magnitddhes sensor is used in

Bax al | éDssunkilflapoe camera series.
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Two other HDR capable devices that Reinhatrdl.describes are the SpheroCam
HDR and the LadyBuYspherical video camera. Both create high dynamic range
panoramic pictures. The SpheroCam has one of the highest dynamic ranges on the
market, allowing for around dig orders of magniide to be captured. However, the
sensors work through a scanninggaess that physically moves the camera and can take
up to thirty minutes to capture a scefidne SpheroCam is also priced over $50,000
(Spraggs, 2004which is outside the range of thmateuphotographer. The LadyBu§
sphericalvideo camera captures six simultaneous images on six different sensors. The
sensors are pointed in various directions, resulting in a panoramic pictuegpbaes
75% of the surrounding areZhe LadyBu§ camera has the ability to capture ugdor

ordess of magnitudes.

1.6 Creating Composite HDR images

One of the drawbacks of using an HB&npatibledevice is thamostHDR
equipment is expensive and specializ&d keep the costs dowtlhe mosipopular
technique for taking HDR photostis createa composite HDR image byerging
multiple photographtakenwith a standard low dynamic camékilard, 2008) This is
done by taking multiple images at the sctva are later combined into a composite

HDR imageusing ploto editing software.

In order to create a composite HDR imageange of exposures is takefhe
range of exposures is referred testops, or exposure valueA.stop is a doubling or
halving of the current light intesity. If 100 units of lightvereentering the lens at one

exposure, a plus one stop would allow 200 units of light into thealeeia minus one
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stop would allow 50 units of light into the lens. The other term fsrishexposure value.
One exposure value eéxjuivalent to one stafWitte, 2009) In a low dynamic range

image, thaotal dynamic range captured is equivalent to about five stops of liglat

high contrast scene that has dark shadows and very light sections, the five stops of light
will | ead to some of the pixels in the image being under oreymysed. For that reason,
several images are taken, eacievarying the exposure so thedch pixel in the image is

exposed correctly at least ongghin a sequence of images.

1.6.A Exposure Settings

There are three camera settings that will change the image exp&syré&stop
and shutter speed. The ISO number is a standard that describes the sensitivity of the film
to light. As the film sensitivity increases, the ISO number will increase. gitsenfilm
will need less light to expose an image correctly than a lower ISO speed film. However,
in order to be more sensitiviae digital signal in the sensors is amplified prior to
encoding, which creates more noise in the im@&g@nhard, Khan, Akyuz, & Johnson,
2008) In order to decrease noise and keep detail, it is preferable to stay with a smaller

ISO.

Anotherway to change the exposure of an image is to vary the f/stop. The f/stop
describes thaperture or the l@s opening.By decreasing the f/stop, a lardens
openingwill be achieved, which results in more light hitting the surface during an equal
amount of time.However, f/stop does kiaan effect on the depth of fieldhich isthe
amount of area that is ifocus in the photograph. For that reason it is not recommended

to change the f/stop during HDR sequences.
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The | ast camera setting to vary the i ma
shutter speed is a fraction that describes the length of timéhéhslhutter is open and
light is allowed into the camera. By extending the shutter speed, the amount of light
hitting the sensor is increased. As this does not negatively affect the image quality or
depth of field, this is the recommended setting tosidinen capturing a series of LDR

images for a composite HDR photograph.

1.6.B Storage Options

When images are taken using@maldigital camera, they are automatically
saved onto the digital storage system using a specific type of file format. The most
comman file formatsusedin digital camerasrethe JPEG and RAW format The JPEG
formatis an outputreferred formaand is referred to as a lossy compressidhis means
that when the information is processed, additional information in the file format is
discarded. Most caeras take digital images in-11@ 12-bit format, meaning that each
primary color is encoded using 10 to 12 bits. However, JPEG use8 bitgper
subpixel When i mages are saved to the ¢oa@merads
bits of information is discarded for each subpix®@ince it is outputeferred, JPEG files
alsosave only the shades of color that can be read using the standatdR&¥B color
monitor. While this is useful because it kegps image size smaller, it s discard
image data that could affect the quality of the im@yyeston, 2008) Because the goal of
creating high dynamic range images is to maintairstiz@lepresent in the actual scene,

it is not recommended to use JPEGsreate the composite HDR image.
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Instead, composite HDR images are created using RAW format files. RAW
format is a lossless format that encodesfihe bit data capturad the original image
and is only minimallyprocessed in the camera. Unfort@ahatRAW formats are
manufacturer and camera specific so special software is needed to view the RAW format
files from each camergReinhard, Ward, Pattanaik, & Debevec, 20085ually this
software is downloadable from theanufacturer. RAW files are also larger than JPEG

images, so they take up more space on a memory card.

For the above reasons, images taken in order to create a composite high dynamic
range image should be taken using the same ISO aog #fsting the eire image
sequence The shutter speed should be used to vary the exposure scene. All photographs
taken should be saved in the RAW formAtditionally, in order to eliminate camera
movement from affecting the images, all photographs should be takenatispod.
Use of an offshoecord oradelayed captursettingare also recommended as these help
reduce camera shake during image capfeegnhard, Ward, Pattanaik, & Debevec,

2006)

1.6.C Image Sequence

Chris Westonds book (2008) describes th
composite HDR image. In order to create a composite image in which all the pixels are
accurately exposed, each pixel must be correctly exposed in at least one image €uring th
sequence. For that reason, meter readings must be taken at the brightest and the darkest
portion of the scene. Those readings will represent the shortest and longest exposure

needed in your scen&.hese readings will also give you the total dynamigeaof your

29



scene. Remember that a digital camera can capture up to five stops of light with decent
accuracy. If the scene requires a wider range than five stops of light, it would be a good

candidate for HDR photography.

Although the camera is capable of capturing detail within five stops, the most
accuratelyexposed pixels will be those that are exposed cdyratthe current shutter
speed setting. Therefore, when taking image sequences, it is recommended that images
be taken at each stafppossible. If timas a consideration, the full five stop dynamic
range can be utilized to decrease the number of images required at the scene. However,
using more than two stops between each image is not recommended as this allawno

for all the pixels to be exposed correctly.

For an example of exposure bracketing, see Figure 6 and Figditee/darkblue
areas in the photo sequence show the exposure stops that are correctly exposed during
each photograph. Theext shade dblue indicates exposure values that are within
tolerance and can be relied on during the composite HDR image sequence. The lightest
blue squares indicate exposure values that are technically captured in normal digital
cameras, but are not recommendeduf® when capturing a composite HDR image
sequence. To create a composite HDR image, at least three images must be obtained.
Although adding additional images to the sequence requires more time for the composite
HDR to be processed, taking photographsvatry stop ensures that the best pixel detalil
is captured in at least two frames, allowing the merging software to give the best finished

product(Bloch, 2007)
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Legend
- =Properly Exposed - =Within Tolerance =0ut of Tolerance

Figure 6: Recommended Exposure Sequee for Composite HDR Images

Legend
. =Properly Exposed . =Within Tolerance =Qut of Tolerance

Figure 7: Time Saver Exposure Sequence for Composite HDR Image
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1.6.D Computer Merging

Onceall the images are captured, they must be downloadeda computer and
merged using photo editing software. Theresanember of softwarprograms thauvill
create a compositdDR image. The first is AdoffePhotoshoff CS3 and CS4.
PhotoshoBhasa f unct i on c a lothat dllows Me user ®elect multigl® R
photographs and combine thefhotoshoffd merge software requires that at least three
photographs are used for the merge process. Once the files are sPleateshof uses
internal algorithms to compile the pixel data and automayiedijn the pictures. Once
the merge is complete, users are given an HDR image wiltlit8per pixel. Other
software programs that allow for bracketed images to be merged into a single composite
HDR image includ HDRShop, PhotoSphere, and Photomatix.those three,

Photomatix is the only one that allows for a wide range of image alteration during and

after thephotographmerge is completéloch, 2007)

1.6.E Tone mapping

Once theHDR image has been creatéle user runs inta display problemAs
stated in sectiofh.4.D, most display systems ugé-bit color system so each primary
color can only be displayed with 256 shades. If an HDR insadisplayed directly onto
a24-bit display system without additional processitig, additional color shades gained
by enhancing the bit size of the fdeelost. Thiscaussthe image to lose the contrast
and detaithat was gained by increasing the bit size of the image in the first place. This

would alsocausethe image to losis coloraccuracy. Without processing before
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displaying, HDR images would not reflect the scene as it is viewed by the human eye, the

main goal oHDR imaging.

In order toaccurately portray the image, an HDRagemustgo through
additional processingter creation so that it can be displayed on a normal display
monitor. This processing is called tone mapping. The goal of tone mapping is to
maintain as much of theontrast and color detgesent in the HDR filgvhile
reformatting the file back to éhstandar@4-bit systemfor display There are a variety of
tonemappingalgorithms and pgrams. AAkyiz and Reinhar@2008)e x p | ai n, A mos
operators aim to preserve one or more of the key attributes of HDR images, such as
brightness contrast, visibility or appearance. 0
high dynamic range photographs is contrestthat is usually thiocus on tone map

operators.

There are two main distinctions when discussing tone mappiagators This
distinction is whether the tone mapping is appt&abally or locally A global tone
mappingoperatotlis applied to the entire image as a whakng the same processing
techniques for each ared. local tone mapping focuses on a specific area of the image
and can be adjusted for each different region in the photogtaygal tone mapping
techniques cansually compress the imadurther than glbal tone mapping operators
can, but they can create halo artifacts around edges if used in a high contrast scene
(Ledda, Chalmers, Troscianko, & Seetzen, 200%)erearea large variety of programs
andalgorithmsthat can beised to tone map HDR images, includikdpbe® Photoshofy
Adobé® Photoshoflis a commonly used photo editing software in the forensic science

field, and as such would be the mapplicable for crime laboratories. As this research

33



attempts to apply HDRhotography to forensic science, the following information
concentratefirst onthe four different tone mapping options offeredAgobé”

Photoshofy

When tone mapping an HDiRhagedown to24-bit format, Adobée® Photosho
CS4allows the user to choose between four different tone mapping options. Three of the
options are global operatorsxfiosure and Gamma, Highlighb@pression, and
EqualizeHistogram. The fourth is a local operator called Local Adaptatitxposure
and Ganma gives you two sliding bars, one for the exposure and the second for gamma.
By adjusting the bars, the user is able to increase or decrease the exposure and gamma
slope for the image. This focusestbr dark areas in the photograph, making the detail
within more or less visible. The second global option, Highlight Compressidane
completely by algorithms determined Bjtotoshofi CS4. This tone mapping operator
takes the brightest part of the image and assigns it the maximum v&tbé encodng,
255, then assigns all the other shades in the ima8éamrtode based on the 255 value.
This method is recommended for use with medium dynamic range images, as it allows
the user to continue making fine exposure and gamma adjustments after timeybiney
is applied. However, because it sets the upper limit d-thieencoding to the lightest
part in the scene, if the image has a large dynamic range present in the image it will lose
values in dimmer regionsThe final global tone mapping opavatEqualize Histogram,
is completely controlled biphotoshofand doesndt al | o Whisftome wuser
mappi ng operator equalizes out the imageds |
gaps between the peaks. While this helps boost comtrdee image, it takes some of the

detail out of the shadows and highligfBtoch, 2007)
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The last tone mapping operatorfhotoshof CS4 is the Locahdaptation
operator. The Local Adagation gives you a histogram of thke and allows you to
individually control thecontrast settings for each area of ph@tograph A histogram is

a graph of luminance levels in the

photograph. The luminance leveilm

across the X axis of the graph, running

from pure black to pure whii@litzer &
Jacobia, 2002)Figure 8 isan example
A | / \ [ | of three histograms. The first box,
shaded white, will have its histogram
Figure 8: Approximation of Color Histogram
centered on the pure whiside of the
histogram. The second, shaded grey, would have a more even distribution of luminance

values. The third box, shaded black, would have a histogram centered on the pure black

side of the histogram.

Using the Local Adaptation operator, the cartgp automatically produces a
straight line running diagonally through tB2b i t i histograandSsnce each
segment ofhe histogram is specific to obeightness levelby pulling the line up or
down in an area you can localize contrast chanfjeseasing theslope of the line
betweersections in théistogramdeterminesiow sharp the contraistbetween the two.
Local Adaptationis the most malleable of the tone mapping operataPhatoshofy and
as such is recommended for use when dealingMiIR images. The abilityo live

preview all changes dke usealter the histogram helpgke usecreate the most visually
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pleasing image, although correctly exposing the image using this operator takes trial and

error when trying to figure out what ske@nd line curves should be ug®deston, 2008)

The advantage of the Local Adaptation operator is that each image is manually
adjusted to the display medium, creating the most visually pleasing image possible for a
specificdevice. Unfortunately this process is time consuming and requadjsstments
for each display that the image will be projected onto. In order to speed up this process,
there are a variety of tone mapping operators that attempt to tone map the image
auomatically. These algorithntanthen beapplied to photographs en mass without
individual alterations. Mantiukt al.(2008)created a tone mappimgeratorthat would
apply a human visual system (HSwipdel to themage. By basing the model on the
HVS model, the algorithm woulcreatecontrast situations that would be perceivable to
the human eye instead of focusing on overall contrast in the entire photoédwagther
algorithm operator is a bilateral tenepraduction, published by Durand and Dorsey.
Bilateral tonereproduction is a local tone mapping operator that applies a filter to the
image This filterlevels out expagre differences throughout timeage without affecting

sharp contrast are@8kyuz & Reinhard, 2008)

Tone mapping operators have becomeawmeroughat there are a variety of
published articles that tedifferent operators to see which one ceproduce the image
the best. Some of thestdiesfocus on the actual reproduction of the scene while others
focus on the visual perception of the scene antbtmeswithin it. Akyuz and Reinhard
(2008)used the Cornsweélraik-O 6 B r lllugomto test different HRR tonemapping
operators. The Cornsweelllusionis an image that consists of two boxes with equal

luminance values on the opposite edges. Where the boxes meet, there is a large increase
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in luminance value on one side and a sharp decrease in lumirsdneen the other side.

The authors used the Cornsweet lllusion to map the luminance profiles obtained using
several tonanapping algorithms. These profiles would give an objective standard for
comparing tonenapping operatorsln their paper they desiss the specific luminance

range profile that each tone mapping operator they studikyiiz and Reinhard found

that all the tone mapping operators obtained a different luminance map from one another,
meaning that none of them compressed the image sathe way. They also found that
most operators changed the luminance streingtiifferent areas of the photographs
differently. Kuanget al.(2007)also did an evaluation study of sixfdrent tone

mapping algoritms. Thef ound t hat a modi fi edlfilBur and an
technique created the most accurate imagésse tonanapped photographeere also

more preferable to users, with Durand and Dorsey-toapped images being selected

more ofterby testsubjects as the mogisually pleasing photographs

Althoughtone mapping is our best optibecause othe lack of HDR displays
Akylz et al6 €2007)research determined that not only didwers prefermages
displayed on an HDR display device, they also showed a strong preference for actual
HDR images as opposed to temapped versions of the imagBkyizb s ex per i ment
used three types of images for the experiment. The firstavBO& image created by
merging terindividual LDR images and displayed with HDR capable device. The
second type was the same composite HDR imagernt@apped to be displayable on an
LDR device; they used three tenepping operators tarder tocompare the results with
one andter. The lasimagetype was used was an LDR image. There were two LDR

images used, both of which were obtained fromLIDB image sequence taken to create
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the composite HDR image. The first LDR picked was the objective best, which
contained the leaamount of underexposed and overexposed areas. The second LDR
picked was the subjective best, whiackest sample picked as representiregoriginal

scene the best. The six photographs were given to test subjects who were asked to rank
them according ta number of variables. Whakyuz et al.found was that the HDR
composite image displayed on an HDR device was almosysipraferable to other

images. Thewlsofound that in some cases, the subjective best LDR image was more
preferred to the tonmapped HDR image. This means that in order to take

advantage of the HDR image, the best disglsstems an HDR capable displap that

tonemapping is not required.

1.6.F Merging Limitations

There are two big considerations that must be taken into accoantasating
composite HDR imagby changing the shutters speed: samoéon and light sources.
Because composite HDR images are created through a series of consecutive exposures,
any movement in the scene during the sequence will create alignment @ abkbe
subsequent image. The movement of people through a scene can create ghost images, or
shadowy figures that have some physical appearance but are not in focus. Movement of
objects like trees and fixtures affected by wind will appedraveblurry edgesf the
object shifts slightly during the series. For that reason, utilessser hasxperience
with computer programming and the ability to correct the alignment with computer
algorithms, it is best to create composite HDR images using a statieasd a tripod

Same photo editing programs will allow the user to fix small alignment problaths
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the image If there is a larger alignment problem (like camera shifts) the HDR merge
sequence may not be able todeenpletedWhen the author sgmpted to merge several
LDR photographst was realized that the camera had shifted about 1 inch during the
series and\dobé® Photoshoff CS4was unable to complete the HDierge. Using a
sturdytripod to stabilize the cameead a cable release catdring the image sequence
capture is recommended to eliminate canmeogemeni{Reinhard, Khan, Akyuz, &

Johnson, 2008)

The second consideration when creating a composite HDR image is bright light
sources present in the scergright light sources in an image creatdling glare.
Veiling glare is a globadlecrease in contrast over the entire image because of light
reflections within the camera. In theory, each sensor will only receive light from one
specific portion of a scendn reality, there are multiple surfaces for light to scatter
within the camera itself, including the lens, camera body, andigital sensors. When
scattered, additional light from other areas of the sisere&ad by the sensor, creating
additional bightness values that do not correspond with the scene itself. Usually glare is
present in a small portion in every photograptawever,the use of multiple images to
create a single composite image aiseates darger veiling glare in the image. Thss
seen as hazy |l ines extending out from a br
These lines will increase the brightness of soljeats nearby the bright light source.
This in turn can decrease the contrast of those objects with others in the scene and

potentially hide detail behind the glafealvala, Adams, Horowitz, & Levoy, 20Q07)

There are a varig of ways to remove veiling glare from an imadésing better

lenses, which are coated in substances that decrease the amount of reflections, can be a

39



useful and easy tool for photographers. Computer algorithms can also be applied to the
image to removéhe glare. ldwever, as Talvalat al.(2007)notes these computations

are done on an image already acquired that contained glare. Itiséeadthors

proposeda method beliminating the glarérom the image itsébefore it is taken. The
methoduseda square gridet over the imagerior to the image capture sequence. The

grid allowed the authors tmalculate where thglarewas present in the scene and remove

it before thesequence wasiken. They did note thiaby adding this step before image
capture it increased the amount of scene photographs requBedause of this, the

authors noted thahis technique would only be appropriate with static scenes.

1.7 Future of HDR

As HDR imaging becomes more prevalengrénhas been a drive to create consumer
grade HDR displays and cameras. One camera introdu@8@@inas HDR capability
andconsumer affordabilityvith a price tadess than $1,500The Pentax K7 creates
high dynamic range imagehroughan automatic mrge function. The ¥/, when set to
HDR photographs, automatically takes three bracketed RAW images one after the other.
It is capable of doing this within ors®cond, which minimizes movement of the scene
during the bracketing. The images are combiogdther inside the camera to create a
composite HDR image. However, the camera then automatically applies@adopiag
algorithm to the image and stores it in&hit JPEG formaf{Howard, 2009) This limits
the use of th&-7 6HDR composite because it has already been compressed and
additionalpixel informationhas been discarded before the user ever has a chance to see

the images. If the scene is especially tricky, or ifdjxeamic range itoo much to be
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stored within a JPEG format, the useaystill have some loss of detail in the image.
While the PentaxKf 6 s function is more preferable to

merge to HDR process is a better alternative if possibl

1.8 Forensic Photography

In forensic science, documentation is key at the scene of a crime. This is because
by the time a case goes to court, the scene will be abber@mmpletely unavailablgo
documentation of the position and presence of objetteairighal scenewill be the
only way to examine the scen€here are three types of documentation used at a crime
scene: notes, sketches, and photographs Cr i me scene photography
provide a Aofair and accuwasatthetimethe esent at i
photograph was takérfRobinson, 2007)in order to achieve this goal, it is important
that the scene be correctly exposed in every picture sedéa¢ details are not hidden in
the photographUnfortunately, there are scem#here the camera, limited to five
exposure values per image, is unable to capture fully without additional@eép.
technique commonly applied to scenes with a large dynamic racgéed filkHflash.
Fill-flash is a techniquthat uses a secondary light to lightdgrker areas in the filim
orderto expose objects within the dark areas during a short exposure. Note that this
technique does not preserve the original dynamic range present in the scene; instead it
decreases thdynamic range of the scene by adding addititight to darker patches so

that all parts of the image can be captured irfitteeexposure value range of the camera.

Just as HDR photography is gathering popularity in other fields as an alternative for

wide dynamic range scendshas also begun toe applied to thérensic sciencéeld.

41



Crime Scen&uperviso King Brown andCrime Scene Investigat@rawn Watkinshave
applied HDR photography techniques to fire scenes and footprint compgBsons &
Watkins, 2010) Fire scenes offer a large dynamic range because the soot of the fire can
darken details of the scene ahdscenes may be tdarge or too unstable tse

fill -flash Instead, HDR photography allowsetforensic photographer to stand safely on
the sidelines, remain in one position, and use HDR techniques to capture the entire
dynamic range of the scene. #®stcrime laboréory budgets are not up to the expense

of a specializedHDR camerathe compose HDR technique is most applicable to crime

scene photography.

1.8.A Experimental Focus

Although HDR photography has been used in the forexesgncefield for some
high contrast scenes, there are other, unexplored aspects of forensic science that the
authorfeels would benefit from HDRhotography One highcontrast situation is the
chemluminescehphotography of chemically enhanced bloodstains. Ircitinee scene
investigation chemicals such as Luminol aBtuestarcan be applied to an area to view
or erhanceatent bloodstains. Luminol works by reacting with fleenoglobinin human
blood. When Lumind reacts with the hemoglobin,produces @hemiluminescence that
can beviewedin dark conditions.Bluestarworks in a similar way, althougBluestar
gives off a brighter chemiluminescence so it can be photographed more(éasibs,

Kish, & Sutton, 2005)

As stated previous|ydocumentation at the scene and of scene procedures is

importantin forensic scienceBecausevidence liked_.uminol-enhanced bloodstains
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cannot be transported to court for presentation, these enhancements are photographed in
order to preserve the chdominescent evidenceCurrenty, the traditional method for
photographindg.uminol is done bytaking color photographs in a dark room with the

camera set on aipod. In order to expose thaiminol well, it is recommended that an

f/stop of 2.8, ISO 200, and shutter speed of forty seconds iqim®és, Kish, & Sutton,

2005. SinceBluestargives a brighter luminescence, the exposure does not have to be as
long to capture the imagduring the exposure, a flashlight is aimed towards the ceiling
and quickly flashed on and off. This flash during the middle of the exposlire

illuminate some of the surrounding area of the bloodstain. However, because the
illumination is quick the surrounding area is not given a proper exposure, obscuring some
detail from the image. Also, the low f/stop used creates a short deptrdpfhel the

high ISO used can create noise in the photograph.

Because of these issues, this research study attempted to use high dynamic range
photography techniques to capture an image of a luminescent bloodstain. It was believed
that the use of high dyamic range photograph techniques could allow for the bloodstain
enhancement to be visualizetiile preserving detailn areas around the bloodstain
evidence. Two experiments were attempted to prove this theory. The first used
bloodstains on rugs testpatternenhancementThe second part of this experiment used
latent prints made in blood to attempt to visualize ridge ddtaibrder to make the
experiment applicable to most forensic laboratories, this experiment used the Merge to
HDR function inPhotoshoff CS4. Since forensic photography ladiories usually use
Photoshof for digital image enhancements, this process could be appl®drent

casework without additional equipment.
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Chapter 2: Methods

2.1 Part One: Bloodstain on Rug

For RPart Oneof this experiment, a series of photographs was taken of a
bloodstained rug. These were lategrged inAdobe® PhotoshoP CS4to create a
composite HDR image i82-bit format,then tone mapped for presentation on normal

display systems.The image serig and final resultsra shown in th&€hapter 3

2.1.A Bloodstain Deposition

Two types of rug were used during the follogrexperimenta brown area rug
(Multy Home accent rug in chocolate Ca@ryda blackdoormat (Mohawk Home
recycled rubber doormat in Watesster Cadence)OneLiter of defibrinateds he e p 6 s
blood was acquired from Hemostat Laboratories. Using a gloved hand, a bloody
handprint was deposited orttee brown rug. Blood was also castoff onto the surface
from the gloved hand after the handprirgsadepositedThis process was completed for

the black rug as well.

Once the blood was depositelde trugs were letio dry for a few minutes while a
solution ofBLUESTAR® FORENSICwascreated BLUESTAR® FORENSIC
ATr ai ni nugré usedanidedwitidur ounces of water for eadLUESTAR®
FORENSIC tablet Eightounces oBLUESTAR® FORENSIC (Bluestanyvas create for
each trial to ensure that enougluestarwas prepared to capture multiple photographs
using continuous sprayingBluestarwas used fothis experinentinstead of Luminobls

it gives a stronger chelaminescence and the author wantedhtaximize the light
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capturel for the merge sequencé additionto theBluestarpreparationawhite plastic
weigh boatvaspreparedor each trial Each had test latent prints putto the middleof
the weigh boat Before setting up the experimerttetsurfacef the weigh boatvas
dusted with black fingerprint powdand examined to ensure thwth prints had several

comparison points visible.

2.1.B Experiment setup

The bloodstained rug was set on the floor in a windowless room with one
overhead fluorescent light. Tipewderedveigh boatvas set on the rug to the side of the
bloodstain. A Canon Digital Rebel XTi was placed on a tripod over the brown rug and
positioned so that it was film plane parallel with the rug. In order to minimize camera
movement during the sequence capture, tHeeR€Ti was connected via USB cord to an
HP® laptop. All camera settings between shots were modified using the EOS Utility

software program.

2.1.C Image Capture

Before each trial, the correct snggposure
white card ad aperturepriority mode All of the following image sequences wdrased
onthis reading The Digital Rebel XTi was set to manual mode, /11 and ISO 100.
These ar¢he recommended settings for critical comparison photograghbey allow
for a stronglepth of field and the least sensor ngRebinson, 2007) The shutter speed
was varied for eacpictureto adjust the exposure of the imag&ince images could not

be captured remotely using the EOS Utility program, the camas set to awo second
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delayed captute Thetwo second delay helped negéte camera shakcauseavhen the

shutter button was press&dm affecting the image

For eachbloodstained rugtriah s eri es of i mages ian t he
obtaned, beginning witlthe correcexposure. Using EOS Utijifthe came@ds s hut t er
speed was decreased atep for each photograph, essentially halving the shutter speed
each time.During the first trial, it was observed that after three stops plusmrspmo
additional detail wasecoveredn the images. Therefore, each trial only captured images
within three stops of the correct exposure. Once the weqmrsure sequence was
finished, he camera was then set to one stop alfueeorrect exposund increased
until a +3 stops photograph was obtain€xhce the under and ovekposure sequence
was completethe camera was set to a 30 second shutter spéedights in the room
were turned off and camera shutter button sges TheBluestarsoluion was sprayed
over the print during the duration of the exposureraging about ongpray per second
Once the session was complete,rimgwas disposed of and the process was repeated for

thenext trial

In some trials, a tradition&@luestarphaograph was taken for comparison. The
traditional photograph used an LDR techniqlide camera was set to ISO400, 4.5, and
shutter speed 30 seconds. During this photograph the lights were turned Bifiestar
was sprayed continuously during the ireagpture time. Additionally, Maglite®
flashlightwas pointed towards the ceiling aftashed quickly on and off when the
camera was halfway through the exposure. This allowed the image to capture light from
the surrounding environment. These photpbsa labeled the traditional method, are
compared to the high dymac range photographs in ChapterA&ter the photographs

46



were taken, the fingerprintsoim the weigh boat were collected using regtitagerprint
tape. Since the prints were wet from Blaestarapplicaton, a plastic card was used as a

squeegee to remowvie water from the tape as it was applied to the surface.

2.1.D Merge to HDR

Once the photographs were captured, sewarapositeHDR photographs were
created using the image sequencHseambient light sequences were combined with the
30 secondluestarimagein orderto create a single image that woldow detail from
both the ambient light photographs and BhgestarchemiluminescenceThe Merge to
HDR function inAdobé® Photoshofs CS4 was used to crea@8&-bit composite images.
TheHDR conposite images were saved in Op&R format. They were then tone
mapped td-bit formatusing the Local Adaptation operator to process the im@gee
tonemapped, the images were save®-#st TIFF images.The goal of each tone
mappingprocedure was threefold: keep the correct color informatipto show
fingerprirt ridge detail and toenhance the bloodstairn some casedse blood
enhancement would not show up well without some coloordish; in those cases the

color of the image was altered in order to achieve the latter two objectives.

2.2 Part Two: Bloodstain on Drywall

The author also attempted to test bh@odstain enhancemetatchnique on painted
drywall( 4 0 x §.Oedgwallwaz ut i nto four sections,
Two sections of drywall were used for Part Two. Each was painted with one coat of

primerfollowed by two coats of Behr Premium Plus Deep Bagsaint. One piece was
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paintedGalaxy Blackand the other pieogas paintedCherry Cobblera dark red.For
each trial, bloodstain patterns were put onto the surface; the black drywall had bloody

fingerprints applied to the surface and the red drywall had bloody handprints.

2.2.A Black Drywall

For health safety reasons, antificial finger with fingerprint ridges was created.
To do this, a mold of t hesteneThh casstorsewhsand wa
mixed in a ratio of two parts water to one part cast stone. The mixture wasl icto a
plastic bowl and let to sit for approximately two minutes. At that time a hand was set
into the casstone remaining there for an additional ten minutes while thestase
dried. The hand was removed and the cast checked for ridge d&iai. observance
that the cast stone had captured ridge detail on both the fingerprint tip and the palm
surface, the cast stone was let dyy24 hours. After drying\li k r ovsas pughed into
the finger cavity of the index finger cast. This was lefitpfor 30 minutes, then the
cag was cracked open in order to obtainkhe k r ocmst. ITRMi k r ofimged h&d

fingerprint ridges present on the fingexd surface.

The artificial finger was dipped inthedefibrinateds he e p 6 s forlParo d us e d
One The finger was then rollezhto ablankfingerprint card to remove the excess
blood. Next, the finger was then used to deposit several bloody fingerprints onto the
surface of the black drywall’he blood was allowed to dry on the surfa@ome of the
blood was visible but the ridge patterns were latdfeetal scissors were used to scratch

t wo imbrBngsand AHow wel | can you read this?0o0
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the fingerprints. The aut hor 6sweallasttent i on

fingerprint ridges in the merged HDR file.

Once the surface had been prepared for photogramhgrywall was propped up
against a wall and @anon Rebel XTi set up on a tripod with the film plane parallel to the
dr ywal | 6Fhe RéelXTi was eonnected to an Romputer using &SB cord.

A series of exposures was taken for each trial using the same technique described in
section 2.1.C. Because the drywall surface had no texture or pattern on it, it was found

that the exposures lymneeded to be within one stop of the correct exposure.

2.2.B Red Drywall

A secondrial used the red drywallTwo bloody handprints were deposited onto
the drywall surface using triefibrinateds heep 6s bl ood and a gl ove:
was dipped intothese e p6s bl ood a second time and swi
surface of the drywall around the handprints to create a feathering effect. The handprints
could be seen on the surface of the drywall, but the edges of the swipes werdllaent.
red paintedirywall was left to dry until all the bloodstains had dried, then propped
against a wall with the Canon Rebel XTi positioned film plane parallel in front éf it.

series of photographs was taken using the same settings as described in 2.2.A.

2.2.C Application Problems

During both of the drywallrials, the bloodstain began to run as soon a®thestar
was applied to the surfacelining the bloodstain patterin an attempt to stop the

running, he process was repeated using the opposite side of the drywall pieces. This
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time sulfosalicylicacid was sprayed onto the surface prioBlizestartreatment.
Sulfosalicylicacid is a blood fixative and it was believed that the acid would stop the
bloodfrom running during the spraylhe running continueduring these trials Because

of the running of the stain, no fingerprint detail was preserved during the photographing.
However, in order to test the viability of the HDR photg@dnamethod, the image

obtained during Paiffwo were input intoAdobé® Photoshofto create a composite HDR

imageusing the same technique as describesation 2.1.D
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Chapter 3: Results

Prior to the trials, a test sequence of photographs in ambient lighting were
recorded. It wasbserved that photographs more than three stops away from the correct
exposure contained no additional detail. Therefore, all image sequences for Part One and

Part Two were stopped & stops and +3 stops.

One thing to note when viewing the imageshiis thapter is that the dynamic
range of printing processes is abtQ0:1 or les¢Bloch, 2007) This is because printing
ink uses the CYM system, using Cyan, Yellowjagentaand Key (Black¥or the
primary hues. The CYM system coveya different area of the color gamut, and as such

may not accurately reproduce the colors as they are viewabldisplay monitor.

3.1 Part One

Part One used dark colored rugs with bl

surface.

3.1.A Trial One

Figure 9 to Figure 12 displdkie undefexposure sequence of trial one. Figure 13
to Figure 16 showthe overexposure sequence of trial one. Figure 17 showBlthestar
exposire. Since the Canon Rebel XJas a maximum bulb setting of thirty secorntiss
image is underexposed visually in order to maintain the critical comparison settings of
ISO 100 and f/11. Figure 18 is composite HDR Merge 1A, which was created using all

the captured exposure8, to +3 stops, as well as the thirty sec&haestarexposure.
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Once merged, the image was tone mappeehitsger color channel usirdobé®
Photoshoffd €S54 Local Adaptation operator. The resulting histogram is shown in

Figure 19, along with a table of the histogram points (Table 1).

Figure 20 is comosite HDR Merge 1B. Merge 1B was attempted using one stop
over and undeiexposed photographs, but the +1 file had become corrupted and was
unable to be merged. Instead, merge 1B was created using three exposures in ambient
light: -2 stop, 0, and +2 gpo. AR0O0 i ndicates the correct
meter. Merge 1B also included the thirty secBhaestarexposure. This was tone
mapped using the Local Adaptation operator. The resulting histogram is shown in Figure

21, along with a tablef the histogram points (Table 2).

The final composite HDR merge from trial one, Merge 1C, was created using the
minimum number of photographs to mergestop, 0, and the thirty secoBtuestar
exposure. This was tone mapped using the Local Adaptperator. The resulting

histogram is shown in Figure 23, along with a table of the histogram points (Table 3).

Figure 24 is a closap of the color distortion present in Merge 1B, while Figure

25 shows that same area from Merge 1C.

3.1.B Trial Two

Figure & to 29 displays the undexposure sequence of Trial Two. Figure 30 to
33 shows the oveexposure sequence of Trial Two. Figure 34 is the thirty second
Bluestarexposure. Since the Canon Rebel XTi has a maximum bulb setting of thirty

seconds, this imagis underexposed visually in order to maintain the critical comparison
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settings of ISO 100 and f/11. Figure 35 is composite HDR Merge 2A, which was created
using all the captured exposuresto +3 stops, as well as the thirty sec&haestar
exposure.Once merged, the image was tone mappedhitssder color channel using
Adobé® Photoshoid €S4 Local Adaptation operator. The resulting histogram is shown

in Figure 36 along with a table of the histogram points (Table 4).

Figure 37 is composite HDR édge 2B. Merge 2B was created using three
ambient light exposuresl, 0, and +1, as well as the thirty sec@&tdestarexposure.
The merged image was tone mapped using the Local Adaptation operator. The resulting

histogram is shown in Figure 38, alowgh a table of the histogram points (Table 5).

Figure 39 is an LDR photograph of the same scene using the traditional method.
This photograph was taken in total darkness using a thirty second shutter speed, an f/stop
of 4.5 and ISO 400. Halfway thrgh the exposure, a Mk ™ was flashed towards the
ceiling to expose other areas in the photograph. A comparison of the fingerprint detail in
Merge 2B and the traditional method photograph is shown in Figure 40 and 41. Both

photographs display the fiegprint ridge detail from the weigh boat at a 200% zoom.

3.1.C Trial Three

Figure 42 to 45 displays the uneetposure sequence of Trial Three. Figure 46
to 49 shows the ovexxposure sequence of Trial Three. Figure 50 is the thirty second
Bluestarexposure.Since the Canon Rebel XTi has a maximum bulb setting of thirty
seconds, this image is underexposed visually in order to maintain the critical comparison
settings of ISO 100 and f/11 (check to make sure). Figure 51 is composite HDR Merge
3A, which was cretad using all the captured exposur&sto +3 stops, as well as the
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thirty secondBluestarexposure. Once merged, the image was tone mappebit® [ger
color channel usingdobé® Photoshoid €S4 Local Adaptation operator. The resulting

histogram is Bown in Figure 52 along with a table of the histogram points (Table 5).

Figure 53 is composite HDR Merge 3Blerge B wascreated using three
ambient light exposuresl, 0, and +1, as well as the thirty sec@&tdestarexposure.
The merged image was tone mapped using the Local Adaptation operator. The resulting

histogram is shown in Figure 54, along with a table of the histogram points (Table 7).

Figure 55 is an LDR photograph of the same scene using the tralditietied.
This photograph was taken in total darkness using a thirty second shutter speed, an f/stop
of 4.5 and ISO 400. Halfwafrough the exposure, a Magfitewas flashed towards the
ceiling to expose other areas in the photograph. A comparison of the fingerprint detail in
Merge 3B and the traditional method photograph is shown in Figure 56 and 57. Both

photographs display the fingerprint ridge detail from weigh boat at a 200% zoom.

3.1.D Trial Four

Figure 58 to 61 displays the unemtposure sequence of Trial Four. Figure 62 to
65 shows the oveexposure sequence of Trial Four. Figure 66 is the thirty second
Bluestarexposure. In order to maximize tBiesar detail, theBluestarexposure was
taken using a thirty second shutter speed, f/stop of 4.5, and an ISO of 400. Figure 67 is
composite HDR Merge 4A, which was created using all the captured expeSures3
stops, as well as the thirty secdBldiesta exposure. Once merged, the image was tone

mapped to Sits per color channel usifgdobe® Photoshofid €54 Local Adaptation
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operator. The resulting histogram is shown in Figure 68 along with a table of the

histogram points (Table 8).

Figure 69 is comosite HDR Merge 4B. Merge 4B was created using five
ambient light exposure=2, -1, 0, +1 and +2, as well as the thirty secBhaestar
exposure. The merged image was tone mapped using the Local Adaptation operator.
The resulting histogram is shownHkigure 70, along with a table of the histogram points

(Table 9).
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Figure 9: Two Second Exposure in Ambient Lighting  Figure 10: One Second Exposure in Ambient Lighting
with Brown Rug with Brown Rug (-1 stop)

Figure 11: Half Second Exposure in Ambient Lighting  Figure 12: One Fourth of a Second (1/4) Exposure in
with Brown Rug (-2 stops) Ambient Lighting with Brown Rug (-3 stops)
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Figure 13: Two Second Exposure in Ambient Lighting Figure 14: Four Second Exposure in Ambient Light
with Brown Rug with Brown Rug (+1 stop)

Figure 15: Eight Second Exposure in Ambient Figure 16: Fifteen Second Exposure in Ambient
Lighting with Brown Rug (+2 stops) Lighting with Brown Rug (+3 stops)
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Figure 17: Thirty Second Exposure in Darkness usindluestar on Brown Rug
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Figure 18 Composite HDR created with-3,-2,-1, 0, +1, +2, +3 and 30Bluestar exposure (Merge 1A)
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 Method: Local Adaptation

(#) Toning Curve and Histogram

Input: 65

% OQutput: 49

% [C] Comner

Radius: 16 px Cancel
™
|8}
Threshold: 0.50
Preview

Figure 19: Local Adaptation Histogram for Merge 1A

Point Input (%) Output (%)
1 0 0
2 11 32
3 22 36
4 37 42
5 65 49
6 100 100

Table 1: Histogram Pointsfor Merge 1A
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Figure 20: Composite HDR created with-2, 0, +2 and 30"Bluestar exposure (Merge 1B)
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— Method: Local Adaptation hd E Il
Radius: 16 px Cancel
& I
|
Threshold: 0.50 |
[¥] Preview

(%) Toning Curve and Histogram

Input: 15 % Qutput: 25 % []Corner

Figure 21: Local Adaptation Histogram for Merge 1B

Point Input (%) Output (%)

1 0 0

2 15 25

3 27 29

4 40 36

5 51 44

6 72 47

7 91 70

8 100 100

Table 2: Histogram Points for Merge 1B
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Figure 22: Composite HDR created with-1, 0 and 30"Bluestar exposures (Merge 1C)
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V |
o R
 Method: Local Adaptation - E
Radius: 16 px Cancel

(i
N
Threshold: 0.50
Preview
(#) Toning Curve and Histogram

||

¥

Input: 53 % Output: 47 % [C]Corner

8

Figure 23: Local Adaptation Histogram for Merge 1C

Point Input (%) Output (%)
1 0 0
2 11 32
3 22 36
4 37 42
5 65 49
6 100 100

Table 3: Histogram Points for Merge 1C
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Figure 24: Close-up of Color Artifacts in Merge 1B

Figure 25: Close-up of Color Distortion in Merge 1C
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Figure 26: Two Second Exposureén Ambient Lighting Figure 27: One Second Exposurén Ambient Lighting
on Black Rug on Black Rug (1 Stop)

Figure 28: Half Second Exposuren Ambient Lighting Figure 29: One Fourth Second Exposuren Ambient
on Black Rug (-2 Stops) Lighting on Black Rug ¢3 Stops)
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Figure 30: Two Second Exposurén Ambient Lighting ~ Figure 31: Four Second Exposurén Ambient Lighting
on Black Rug on Black Rug (+1 Stop)

Figure 32: Eight Second Exposurén Ambient Figure 33: Fifteen Second Exposurén Ambient
Lighting on Black Rug (+2 Stops) Lighting on Black Rug (+3 Stops)
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Figure 34: Thirty Second Exposure in Darkness using Bluestar
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Figure 35: Composite HDR using-3, -2, -1, 0, +1, +2, +3 and 30" Bluestar (Merge 2A)
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HDR Conwversion ‘

— Method: Local Adaptation -
Radius: 16 px
1
|8
Threshold: 0.50
—

Preview

(&) Toning Curve and Histogram

Input: 33 %% Output: 44 % [] Corner

Figure 36: Local Adaptation Histogram for Merge 2A

Point Input (%) Output (%)
1 0 18
2 9 29
3 21 35
4 33 44
5 63 59
6 76 65
7 100 100

Table 4: Histogram Points for Merge 2A
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Figure 37: Composite HDR using-1, 0, +1 and 30"Bluestar (Merge 2B)
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DR Conversion

@) Toning Curve and Histogram

Input: 1 % Output: 8 % [C]Corner

— Method: Local Adaptation E
Radius: 16 px Cancel
™}
-
Threshaold: 0.50
—

Preview

Figure 38: Local Adaptation Histogram for Merge 2B

Point Input (%) Output (%)

1 1 8

2 12 22

3 27 26

4 37 29

5 50 34

6 71 55

7 84 71

8 100 100

Table 5: Histogram Points for Merge 2B
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Figure 39: Thirty Second Exposure in Darkness usin@luestar (Traditional Method)
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Figure 40: Closeup of Fingerprint in Merge 2B (200% Zoom)

Figure 41: Closeup of Fingerprint in Traditional Photo (200% Zoom)
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b,

Figure 42: Two Second Exposure ilAmbient Lighting Figure 43: One Second Exposure in Ambient Lighting
with Black Rug with Black Rug (-1 stop)

=

Figure 44: Half Second Exposure in Ambient Lighting  Figure 45: One Fourth SecondExposure in Ambient
with Black Rug (-2 Stops) Lighting with Black Rug (-3 Stops)
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Figure 46: Two Second Exposure ilAmbient Lighting  Figure 47: Four Second Exposure in Ambient Lighting
with Black Rug with Black Rug (+1 Stop)

Figure 48: Eight Second Exposure in Ambient Figure 49: Fifteen Second Exposure in Ambient
Lighting with Black Rug (+2 Stops) Lighting with Black Rug (+3 Stops)
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Figure 50: Thirty Second Exposure in Darkness usindluestar on Black Rug
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Figure 51: Composite HDR using-3,-2, -1, 0, +1, +2, +3 and 30Bluestar exposures (Merge 3A)

78



 Method: Local Adaptation

(&) Toning Curve and Histogram

ok |

Radius: 16 px Cancel
:
Threshold: 0.50
—8 Preview

Input: 0

% Quiput: 25

% [C] Corner

Figure 52: Local Adaptation Histogram for Merge 3A

Point Input (%) Output (%)
1 0 25
2 9 26
3 14 29
4 20 31
5 27 32
6 33 31
7 43 30
8 66 49
9 83 65

10 100 100

Table 6: Histogram Points for Merge 3A
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i , s = S
Figure 53: Composite HDR Image using-1, 0, +1 and 30"Bluestar exposures (Merge 3B)
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 Method: Local Adaptation - E
Radius: 16 px Cancel
3
-
Threshold: 0.50
1l 0
Preview
(&) Toning Curve and Histogram

Input: O % Qutput: 22 % []Corner

IL

- e

Figure 54: Local Adaptation Histogram for Merge 3B

Point Input (%) Output (%)
1 0 22
2 6 27
3 12 29
4 19 32
5 26 35
6 40 35
7 49 43
8 73 57
9 83 62

10 100 82

Table 7: Histogram Points for Merge 3B
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Figure 55: Thirty Second Exposure in Darkness usin@luestar (Traditional Method)
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Figure 56: Fingerprint Closeup from Merge 3B (200% Zoom)

Figure 57: Fingerprint Close-up from Traditional Method (200% Zoom)
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Figure 58: Point Seven Second Exposuri& Ambient Figure 59: Point Three Second Exposurén Ambient
Lighting on Brown Rug Lighting on Brown Rug (-1 Stop)

Figure 60: One Sixth Second Exposurén Ambient Figure 61: One Tenth of a SecondExposurein
Lighting on Brown Rug (-2 Stop) Ambient Lighting on Brown Rug (-3 Stops)
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Figure 62: Point Seven Second Exposuri@ Ambient Figure 63. One and a Half Second Exposuré
Lighting on Brown Rug Ambient Lighting on Brown Rug (+2 Stops)

Figure 64: Three Second Exposuréen Ambient Figure 65: Six Second Exposurén Ambient Lighting
Lighting on Brown Rug (+3 Stops) on Brown Rug (+3 Stops)
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Figure 66: Thirty Second Exposure in Darkness withBluestar on Brown Rug
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Figure 67:. Composite HDR using-3, -2, -1, 0, +1, +2, +3, and 30Bluestar exposures (Merge 4A)
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Figure 68: Local Adaptation Histogram for Merge 4A

Point Input (%) Output (%)

1 0 0

2 14 27

3 27 37

4 48 47

5 70 55

6 84 68

7 100 100

Table 8: Histogram Points for Merge 4A
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